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1
DRILL BIT WITH
ELECTROHYDRAULICALLY ADJUSTABLE
PADS FOR CONTROLLING DEPTH OF CUT

BACKGROUND INFORMATION

1. Field of the Disclosure

This disclosure relates generally to drill bits and systems
that utilize the same for drilling wellbores.

2. Background of the Art

Oil wells (also referred to as “wellbores” or “boreholes™)
are drilled with a drill string that includes a tubular member
having a drilling assembly (also referred to as the “bottom-
hole assembly” or “BHA”) attached at end thereof. The BHA
typically includes devices and sensors that provide informa-
tion relating to a variety of parameters relating to the drilling
operations (“drilling parameters™), behavior of the BHA
(“BHA parameters”) and the formation surrounding the well-
bore (“formation parameters™). A drill bit attached to the
bottom end of the BHA is rotated by rotating the drill string
and/or by a drilling motor (also referred to as a “mud motor™)
in the BHA to disintegrate the rock formation to drill the
wellbore. During drilling, a drilling fluid is supplied under
pressure to the tubular that discharges at the drill bit bottom
and returns to the surface via an annulus between the drill
string and the formation. A large number of wellbores are
drilled along contoured trajectories. For example, a single
wellbore may include one or more vertical sections, deviated
sections and horizontal sections through differing types of
rock formations. Rate of penetration (ROP) of the drill bit is
an important parameter relating to efficient drilling of the
wellbore and depends largely on the weight-on-bit (WOB)
and rotational speed (revolutions per minute or “RPM”) of the
drill bit. The drilling operator controls WOB by controlling
the hook load on the drill bit and RPM by controlling the
rotation of the drill string at the surface and/or the mud motor
in the BHA (if one is provided). Drillers attempt to obtain
high ROP while avoiding high drill bit fluctuations. The drill
bit, however, often experiences high fluctuations and control-
ling the drill bit fluctuations and ROP by such methods
requires the drilling system or operator to take actions at the
surface. The impact of such surface actions on the drill bit
fluctuations is not substantially immediate. For a given WOB
and ROP of the drill bit, aggressiveness of the drill bit con-
tributes to the drill bit fluctuations. Aggressiveness of the drill
bit can be controlled by controlling the depth of cut of the drill
bit and thus the excessive drill bit fluctuations.

The disclosure herein provides a drill bit configured to
control the aggressiveness of a drill bit and a drilling system
using the same for drilling wellbores.

SUMMARY

Inoneaspect, adrill bitis disclosed that in one embodiment
includes a pad configured to extend and retract from a surface
of'the drill bit, a motor, a linearly movable member coupled to
the motor, a hydraulic unit configured to apply force on the
pad, and wherein motion of the motor in a first direction
causes the linearly movable member in a first direction to
cause the hydraulic unit to exert a force on the pad to extend
the pad.

In another aspect, a method of drilling a wellbore is dis-
closed that in one embodiment includes conveying a drill
string in wellbore that includes a drill bit configured to drill
the wellbore, wherein the drill bit further comprises a pad
configured to extend and retract from a face of the drill bit, a
motor, a linearly movable member coupled to the motor, a

10

25

40

45

50

55

2

hydraulic unit configured to apply force on the pad, and
wherein motion of the motor in a first direction causes the
linearly movable member in a first direction to cause the
hydraulic unit to exert a force on the pad to extend the pad; and
rotating the drill bit to drill the wellbore. In yet another aspect,
the method may further include adjusting the force on the pad
in response to a parameter of interest determined during drill-
ing of the wellbore. The parameter of interest may be one of:
(1) vibration; (ii) lateral movement of the drilling assembly or
the drill bit; (iii) whirl; (iv) bending moment; (v) acceleration;
and (vi) stick-slip.

Examples of certain features of the apparatus and method
disclosed herein are summarized rather broadly in order that
the detailed description thereof that follows may be better
understood. There are, of course, additional features of the
apparatus and method disclosed hereinafter that will form the
subject of the claims appended hereto.

BRIEF DESCRIPTION OF THE DRAWINGS

The disclosure herein is best understood with reference to
the accompanying figures in which like numerals have gen-
erally been assigned to like elements and in which:

FIG. 1 is a schematic diagram of an exemplary drilling
system that includes a drill string that has a drill bit made
according to one embodiment of the disclosure;

FIG. 2 shows a cross-section of an exemplary drill bit with
a force application unit therein for extending and retracting
pads on the surface of the drill bit; and

FIG. 3 shows certain details of an exemplary force appli-
cation unit shown in FIG. 2.

DESCRIPTION OF THE EMBODIMENTS

FIG. 1 is a schematic diagram of an exemplary drilling
system 100 that includes a drill string 120 having a drilling
assembly or a bottomhole assembly 190 attached to its bot-
tom end. Drill string 120 is shown conveyed in a borehole 126
formed in a formation 195. The drilling system 100 includes
a conventional derrick 111 erected on a platform or floor 112
that supports a rotary table 114 that is rotated by a prime
mover, such as an electric motor (not shown), at a desired
rotational speed. A tubing (such as jointed drill pipe) 122,
having the drilling assembly 190 attached at its bottom end,
extends from the surface to the bottom 151 of the borehole
126. A drill bit 150, attached to the drilling assembly 190,
disintegrates the geological formation 195. The drill string
120 is coupled to a draw works 130 via a Kelly joint 121,
swivel 128 and line 129 through a pulley. Draw works 130 is
operated to control the weight on bit (“WOB”). The drill
string 120 may be rotated by a top drive 114a rather than the
prime mover and the rotary table 114.

To drill the wellbore 126, a suitable drilling fluid 131 (also
referred to as the “mud”) from a source 132 thereof, such as a
mud pit, is circulated under pressure through the drill string
120 by a mud pump 134. The drilling fluid 131 passes from
the mud pump 134 into the drill string 120 via a desurger 136
and the fluid line 138. The drilling fluid 1314 discharges at the
borehole bottom 151 through openings in the drill bit 150.
The returning drilling fluid 1315 circulates uphole through
the annular space or annulus 127 between the drill string 120
and the borehole 126 and returns to the mud pit 132 via a
return line 135 and a screen 185 that removes the drill cuttings
from the returning drilling fluid 1315. A sensor S in line 138
provides information about the fluid flow rate of the fluid 131.
Surface torque sensor S, and a sensor S; associated with the
drill string 120 provide information about the torque and the
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rotational speed of the drill string 120. Rate of penetration of
the drill string 120 may be determined from sensor S, while
the sensor S¢ may provide the hook load of the drill string 120.

In some applications, the drill bit 150 is rotated by rotating
the drill pipe 122. However, in other applications, a downhole
motor 155 (mud motor) disposed in the drilling assembly 190
rotates the drill bit 150 alone or in addition to the drill string
rotation. A surface control unit or controller 140 receives:
signals from the downhole sensors and devices via a sensor
143 placed in the fluid line 138; and signals from sensors
S,-S, and other sensors used in the system 100 and processes
such signals according to programmed instructions provided
to the surface control unit 140. The surface control unit 140
displays desired drilling parameters and other information on
a display/monitor 141 for the operator. The surface control
unit 140 may be a computer-based unit that may include a
processor 142 (such as a microprocessor), a storage device
144, such as a solid-state memory, tape or hard disc, and one
ormore computer programs 146 in the storage device 144 that
are accessible to the processor 142 for executing instructions
contained in such programs. The surface control unit 140 may
further communicate with a remote control unit 148. The
surface control unit 140 may process data relating to the
drilling operations, data from the sensors and devices on the
surface, data received from downhole devices and may con-
trol one or more operations drilling operations.

The drilling assembly 190 may also contain formation
evaluation sensors or devices (also referred to as measure-
ment-while-drilling (MWD) or logging-while-drilling
(LWD) sensors) for providing various properties of interest,
such as resistivity, density, porosity, permeability, acoustic
properties, nuclear-magnetic resonance properties, corrosive
properties of the fluids or the formation, salt or saline content,
and other selected properties of the formation 195 surround-
ing the drilling assembly 190. Such sensors are generally
known in the art and for convenience are collectively denoted
herein by numeral 165. The drilling assembly 190 may fur-
ther include a variety of other sensors and communication
devices 159 for controlling and/or determining one or more
functions and properties of the drilling assembly 190 (includ-
ing, but not limited to, velocity, vibration, bending moment,
acceleration, oscillation, whirl, and stick-slip) and drilling
operating parameters, including, but not limited to, weight-
on-bit, fluid flow rate, and rotational speed of the drilling
assembly.

Still referring to FIG. 1, the drill string 120 further includes
a power generation device 178 configured to provide electri-
cal power or energy, such as current, to sensors 165, devices
159 and other devices. Power generation device 178 may be
located in the drilling assembly 190 or drill string 120. The
drilling assembly 190 further includes a steering device 160
that includes steering members (also referred to a force appli-
cation members) 160a, 1605, 160¢ that may be configured to
independently apply force on the borehole 126 to steer the
drill bit along any particular direction. A control unit 170
processes data from downhole sensors and controls operation
of various downhole devices. The control unit includes a
processor 172, such as microprocessor, a data storage device
174, such as a solid-state memory and programs 176 stored in
the data storage device 174 and accessible to the processor
172. A suitable telemetry unit 179 provides two-way signal
and data communication between the control units 140 and
170.

During drilling of the wellbore 126, it is desirable to con-
trol aggressiveness of the drill bit to drill smoother boreholes,
avoid damage to the drill bit and improve drilling efficiency.
To reduce axial aggressiveness of the drill bit 150, the drill bit
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is provided with one or more pads 180 configured to extend
and retract from the drill bit surface 152. A force application
device or unit 185 in the drill bit adjusts the extension of the
one or more pads 180, which controls the depth of cut of the
cutters on a drill bit surface, such as the face, thereby control-
ling the axial aggressiveness of the drill bit 150. An exem-
plary force application device for controlling the drill bit
aggressiveness is described in reference to FIGS. 2-3.

FIG. 2 shows a cross-section of an exemplary drill bit 150
made according to one embodiment of the disclosure. The
drill bit 150 shown is a polycrystalline diamond compact
(PDC) bit having a bit body 210 that includes a shank 212 and
a crown 230. The shank 212 includes a neck or neck section
214 that has a tapered threaded upper end 216 having threads
216a thereon for connecting the drill bit 150 to a box end at
the end of the drilling assembly 130 (FIG. 1). The shank 212
has a lower vertical or straight section 218. The shank 210 is
fixedly connected to the crown 230 at a connection joint 219.
The crown 230 includes a face or face section 232 that faces
the formation during drilling. The crown 230 includes a num-
ber of blades, such as blades 234a and 2345, each, each blade
having a face section and a side section. For example, blade
2344 has a face section 232a and a side section 236a while
blade 2345 has a face section 2325 and a side section 2365.
Each blade further includes a number of cutters. In the par-
ticular embodiment of FIG. 2, blade 234a is shown to include
cutters 238a on the face section 2324 and cutters 2385 on the
side section 236a while blade 2345 is shown to include cutters
2394 on face 2325 and cutters 2395 on the side section 2365.
The drill bit 150 further includes one or more pads, such as
pads 240a and 2405, each configured to extend and retract
relative to the face 232. In one aspect, a rubbing block 245
may carry the pads 240a and 24054. In the particular configu-
ration shown in FIG. 2, a rubbing block 245 is mounted inside
the drill bit 150 and includes a rubbing block holder 246
having a pair of movable members 247a and 2475b. The pad
240q is attached to the bottom of member 247a while pad
2405 is attached at the bottom of the member 2475. A force
application device 250 placed in the drill bit 150 causes the
rubbing block 245 to move up and down, thereby extending
and retracting the members 247a and 2475 and thus the pads
240q and 24b relative to the bit face 232. In one configuration,
the force application device may be made as a unit or module
and attached to the drill bit inside via flange 251 at the shank
bottom 217. A shock absorber 248, such as a spring unit, is
provided to absorb shocks on the members 247a and 2475
caused by the changing weight on the drill bit 150 during
drilling of a wellbore. During drilling, a drilling fluid 201
flows from the drilling assembly into a fluid passage 202 in
the center of the drill bit and discharges at the bottom of the
drill bit via fluid passages, such as passages 203a, 2035, etc.
A particular embodiment of a force application device 250 is
described in more detail in reference to FIG. 3.

FIG. 3 shows certain details of the force application device
250 according to one embodiment of the disclosure that may
be utilized in the drill bit 150 shown in FIGS. 1-2. In the
particular configuration of FIG. 3, the force application
device 250 is made in the form of a unit or capsule that may be
placed in the drill bit fluid channel 204, as shown in FIG. 2.
The force application device 250 includes a expandable
chamber 310 in contact with the rubbing block 245 that is
configured to apply force on the rubbing block holder 246 in
the downward direction to cause the pads 240a and 2405 to
extend from the drill bit surface 232, while removing the
applied force on the rubbing block 245 causes the rubbing
block to retract the pads from the drill bit surface, as described
above in reference to FIG. 2. In one aspect, the force appli-
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cation device 250 includes a motor 320 connected to reduc-
tion gear 322 via a coupling member 324. In aspects, the
motor 320 is an electric motor that may be a constant speed
motor or variable speed motor. The operation of the motor
may be controlled by a controller in the drill bit (not shown)
and/or the controller 170 in the drilling assembly 130 (FIG.
1). The reduction gear 322 drives a gear 326 that in turn drives
another gear 328. Gear 328 is connected to a drive screw 330.

Still referring to FIG. 3, when the drive screw 330 rotates in
a first direction, for example clockwise, it drives a nut 340
mounted on the screw 330 downward, i.e. toward the chamber
310. The nut 340 moves a piston 350 downward, which in turn
causes a fluid 352 in a chamber 310 to move downward. The
fluid 352 expands into a fluid cavity 354 causing the cavity
354 to expand, which causes the chamber 310 to move down-
ward. The expansion of the chamber 310 exerts a downward
force on the rubbing block 245, thereby causing the pads 240a
and 2405 to extend (move outward) from the drill bit surface
232. Reversing the direction of the motor 320 (in this example
counterclockwise) causes the screw 320 to rotate in the oppo-
site direction (in this example anticlockwise), which causes
the nut 340 to move upward (away from the rubbing block)
causing the fluid in the cavity 354 to return to the chamber
310. That in turn releases the applied force on the rubbing
block 245. The spring mechanism 248 causes the members
247a and 247b and hence the pads 240a and 2405 to retract
from the drill bit surface 232 (move upward) as described
above in reference to FIG. 2. The chamber 310 is attached to
bellows 370 that enable the chamber 310 to move axially
downward when force is applied by the cavity 354 on the
chamber 310 and enables the chamber 310 to move axially
upward when the applied force on the cavity 354 is released
from the chamber 310. Seal 348 provides a seal between the
piston 350 and the fluid chamber 360. I addition, seal 349
provides a seal between the chamber 310 and the cavity 354.
A suitable flange 372 is provided to connect the device 250
inside the drill bit 150 (FIG. 1).

Referring to FIGS. 2 and 3, to extend the pads 240a and
2405 from the drill bit surface 232, the motor 320 is rotated in
a first direction, which rotary motion moves a member 340
(nut) linearly in a first direction, that in turn hydraulically
exerts a force on the rubbing block 245 that causes the pads
240a and 2405 to extend from the drill bit surface 232. To
retract the pads 240a and 2405 from the drill bit surface 232,
the motor 320 is rotated in a second direction (opposite to the
first direction), which rotation causes the member 340 to
move linearly in a second direction, which releases the
applied hydraulic force on the rubbing block 245 and thus the
pads. The biasing member 248 in the rubbing block causes the
members 247a and 2475 and thus the pads 2404 and 2405 to
retract from the drill bit surface 232. A sensor 380 provides
signals corresponding to the movement of the chamber 310,
which signals may be utilized by a processor in the drill bit of
in the drilling assembly to determine the extension or retrac-
tion of the pads from the drill bit surface. Such information
may be used to control the operation of the motor 320 to
adjust the extension of the pads 240a and 2405. The pad
extension and retraction may be done by a downhole control-
ler or a surface controller in response to one or more param-
eters of the drilling assembly, drilling parameters and forma-
tion parameters.

The concepts and embodiments described herein are useful
to control the axial aggressiveness of drill bits, such as a PDC
bits, on demand during drilling. Such drill bits aid in: (a)
steerability of the bit (b) dampening the level of vibrations
and (c) reducing the severity of stick-slip while drilling,
among other aspects. Moving the pads up and down changes
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the drilling characteristic of the bit. The electrical power may
be provided from batteries in the drill bit or a power unit in the
drilling assembly. A controller may control the operation of
the motor and thus the extension and retraction of the pads in
response to a parameter of interest or an event, including but
not limited to vibration levels, torsional oscillations, high
torque values; stick slip, and lateral movement.

The foregoing disclosure is directed to certain specific
embodiments for ease of explanation. Various changes and
modifications to such embodiments, however, will be appar-
ent to those skilled in the art. It is intended that all such
changes and modifications within the scope and spirit of the
appended claims be embraced by the disclosure herein.

The invention claimed is:

1. A drill bit, comprising:

a surface that includes a pad configured to extend and

retract from the surface;

a motor;

a linearly movable member coupled to the motor;

a hydraulic unit configured to apply force on the pad
wherein rotation of the motor in a first rotational direc-
tion causes the linearly movable member in a first direc-
tion to cause the hydraulic unit to exert a force on the pad
to extend the pad; and

apiston coupled to the linearly movable member, wherein the
movement of the linearly movable member moves the piston
in the first direction, and the hydraulic unit includes a fluid
chamber and a chamber coupled to the pad and wherein the
movement of the piston in the first direction compresses a
fluid in the fluid chamber that in turn exerts pressure on the
chamber to cause the chamber to move in the first direction.

2. The drill bit of claim 1 further comprising a screw
member coupled to the motor and wherein the motor rotates
the screw member that in turn moves the linearly movable
member in the first direction.

3. The drill of claim 1, wherein the linearly movable mem-
ber is a nut riding on a screw member.

4. The drill bit of claim 1 further comprising a bellows
coupled to the chamber configured to allow the chamber to
move in the first direction.

5. The drill bit of claim 1, wherein rotating the motor in a
second direction causes the linearly movable member to
move in a second direction to release the force applied on the
chamber.

6. The drill bit of claim 5 further comprising a biasing
member coupled to the chamber configured to move the pad
in the second direction when the force applied is released.

7. The drill bit of claim 1, wherein the drill bit includes a
fluid passage and wherein the hydraulic unit is placed in the
fluid passage.

8. The drill bit of claim 1 further comprising a shock
absorber configured to absorb shocks relating to weight on bit
during drilling a drilling operation.

9. A drilling apparatus, comprising:

a drilling assembly having at least one sensor for determin-

ing a property of interest downhole;

a drill bit attached to the drilling assembly for drilling a
wellbore, the drill bit comprising:

a pad configured to extend and retract from a face of the
drill bit;

a motor;

a linearly movable member coupled to the motor;

a hydraulic unit configured to apply force on the pad
wherein, rotation of the motor in a first rotational direc-
tion causes the linearly movable member in a first direc-
tion to cause the hydraulic unit to exert a force on the pad
to extend the pad; and
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a piston coupled to the linearly movable member and
wherein the movement of the linearly movable member
moves the piston along the first direction and the hydrau-
lic unit includes a fluid chamber and a chamber coupled
to the pad and wherein the movement of the piston inthe 5
first direction compresses a fluid in the fluid chamber
that in turn exerts pressure on the chamber to cause the
chamber to move in the first direction.

10. The drilling apparatus of claim 9, wherein the drill bit
further comprises a screw member coupled to the motor and 10
wherein the motor rotates the screw member that in turn
moves the linearly movable member in the first direction.

11. The drilling apparatus of claim 9, wherein the drill bit
further comprises a bellows coupled to the chamber config-
ured to allow the chamber to move in the first direction. 15

12. The drilling apparatus of claim 9, wherein rotating the
motor in a second direction causes the linearly movable mem-
ber to move in a second direction to release the force applied
on the chamber.

20



